Four acholeplasma, 11 animal mycoplasma (mostly bovine) and 7 human mycoplasma types were examined using the indirect immunoperoxidase (IP), indirect immunofluorescence (IF) and growth inhibition (GI) tests to compare the sensitivity and specificity of these tests for the identification of Mycoplasmatales. The IP and IF tests were applied to unfixed colonies on agar blocks. Colonies of Acholeplasma laidlawii, Acholeplasma modicum, Mycoplasma agalactiae and Mycoplasma bovis showed a bright yellow autofluorescence in the IF test making it inapplicable in these cases. The IP test was as specific as the GI test and more specific than the IF test. In the IP test, cross-reactions were only found between M . agalactiae and M . bovis strains, two types originally considered to be related to each other. Crossreactions between these organisms were not seen in the GI test. With one exception, the IP test was also found to be more sensitive than the GI test and as sensitive as the IF test; thus for two Acholeplasma axanthum antisera the IP test was inferior to the IF and GI tests with A. axanthum strains. A close relationship was found in the IP and IF tests between Mycoplasma mycoides strain Gladysdale and the unclassified bovine group 7 strain ~2 9 . The results of the IP test were much easier to read than those of the IF tests. Thus colonies treated with homologous antiserum became dark brown and, in mixed cultures, could be readily distinguished from heterologous colonies using a light microscope. All controls were negative and strains isolated from cattle, cell cultures, humans and monkeys were easily identified.
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I N T R O D U C T I O N
The simplest technique for the identification of Mycoplasmatales is the growth inhibition test on agar (Edward & Fitzgerald, 1954; Huysmans-Evers & Ruys, 1956; Clyde, 1964) ; this is very specific and requires antisera with a high antibody titre and pure cultures. Cloning either via fluid medium or via agar will not always result in pure cultures. This has been demonstrated in the immunofluorescence test which can be applied to primary isolates on agar (Del Giudice, Robillard & Carski, 1967) or to cell cultures (Carski & Shepard, 1961 ; Malizia, Barile & Riggs, 1961) . The indirect test with unfixed colonies on agar blocks is very specific (Rosendal & Black, 1972) but some acholeplasnia types show a pronounced autofluorescence which hampers the discrimination between positive and negative reactions (Potgieter & Ross, 1972) .
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Strains.
The strains examined (see Table 1 ) included isolates from cell cultures, cattle, humans and monkeys.
Media. 'Herdersches medium' (Herdemhe& 1963) was used for isolation and subcultivation. This medium contained beef heart broth, proteose peptone (1 %, w/v), sucrose (7 %, w/v), defibrinated boiled sheep blood Preparation of antisera. Concentrated washed mycoplasma suspensions in saline (0.1 5 M) were prepared and stored at -70 "C. Prior to injection, the suspensions were adsorbed to AIPO, (3 mg ml-l, prepared 'in situ') and emulsified in an equal volume of complete Freund's adjuvant (CFA, Difco). One ml of this mixture was injected intramuscularly into each of three rabbits of the F, generation of Flemish giants x Danish whites; after 4 weeks a second intramuscular injection was given with a 5 ml mycoplasma suspension adsorbed to AIPO, (3 mg ml-l) without CFA. Blood was taken 5 to 6 d after the second injection and the sera were tested in the growth inhibition test. When the antibody titre was too low, a series of intravenous injections was given with antigen minus additions starting 4 weeks after the second injection (see Table 1 ). When the antibody titre was satisfactory, the rabbits were bled 10 d after the final injection. The sera were stored at -20 "C; before use they were held at 56 "C for 30 min. The strains against which antisera were prepared are shown in Table 1 Indirect immunological tests. Unfixed colonies on agar blocks were used (Rosendal & Black, 1972) . Starting from 1 : 10 antiserum dilutions in broth, twofold serial dilutions in broth were prepared. Pre-immunization sera were tested in 1 : 10 dilution only.
Agar blocks with separate colonies were placed in Petri dishes and incubated for 30 min at room temperature with a drop of antiserum dilution. The blocks were then gently washed twice with PBS for lOmin, incubated for 30min at room temperature with a drop of the conjugate dilution and washed twice with PBS for 15 min.
The immunofluorescence (IF) and immunoperoxidase (IP) tests were carried out simultaneously using blocks of the same agar culture and identical antiserum dilutions. When several strains and antisera were compared in serum dilution experiments, agar cultures of the same age were used (usually 3 to 4 d old). The highest antiserum dilution giving a positive reaction was considered to be the endpoint titre.
Reading the IP test. The colonies were treated with a few drops of a 3,3'-diaminobenzidine tetrahydrochloride solution (0.06 %, w/v) in Tris/HCl buffer (0.6 %, w/v) with hydrogen peroxide (0.1 %, v/v) (Graham & Karnovsky, 1966) . This substrate forms a dark brown precipitate on the colonies in the presence of the enzyme. The blocks were examined under a light microscope (40 x or 100 x ) in Petri dishes; agar blocks treated with none, one or two of each of the three reagents (antiserum, conjugate and diaminobenzidine plus HzOz) served as controls.
Reading the IF test. After treatment with FITC-conjugate, the blocks were put on slides for the final microscopic examination (100 x or 250 x ). They were illuminated with incident light from a mercury lamp, filtered through a Leitz Ploemopak'filter system for FITC (490 nm). As controls, one agar block was left untreated and either the antiserum or the conjugate was omitted from another two.
Growth inhibition (GI) test. The filter paper disc method was applied (Clyde, 1964) . When the results were dubious, the agar well technique was used (Black, 1973) . Pre-immunization sera were tested undiluted.
RESULTS
Colonies on agar blocks treated with homologous antiserum showed a distinct brown colour whereas those treated with heterologous antisera did not change colour. Colonies in mixed cultures were easily distinguished (Figs 1 and 2) .
The controls in the IP test were negative. However, occasionally the centres of untreated colonies of Mycoplasma bovirhinis were brown, which sometimes caused problems in reading the reactions when this type was present in mixed cultures. In the IF test untreated colonies of Acholeplasma laidlawii, A . modicum, M . agalactiae and M . bovis strains showed a bright yellow autofluorescence which hampered the reading of the green-yellow immunofluorescence, and in these cases the results were ignored. The autofluorescence depended neither on the presence of serum in the medium nor on the age of the colonies.
Acholeplasma and animal mycoplasma strains. In each of the three serological tests, these strains were examined with homologous and heterologous antisera. For most strains the specificities of the tests were in good agreement ( Table 2) , but five anomalies were found. In four cases the GI test was negative while the IP (and IF) tests were positive (Tables 3 and 4) ; M. agalactiae and M . bovis were not examined using the IF test. Sometimes high titres were obtained in the IP and IF tests with antisera which caused only a slight or no growth inhibition of homologous strains (PGl 1, Table 4 ).
The fifth anomaly obtained with antisera against two A . axanthum strains was different. In these cases the IP test was negative and the GI and IF tests were positive (Table 5) . Cultivation of the organisms on medium without serum improved the results with the antiserum against strain ~7 4 3 (al), but not with the antiserum against ~~3 4 9 (a6). Two other A. axanthum strains (~~3 4 4 and ~~6 7 1 ) isolated from the nasopharynx of new-born Type and code no. a1 a6 a2 a3 a5 bl b2 b3 b4 b5 b6 b9 b10 b l l b12 d l A. axanthum a l * GI test (undiluted serum), inhibition: + +, total; +, near total; k, weak; -, none.
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I P and IF tests: titres in log, starting from 1 : 10 dilution (= 3-3). calves were examined with both antisera; they reacted slightly with anti-s743 serum in the IP test but not at all with a n t i -~~3 4 9 serum. Human andprimate mycoplasmas. These strains were also examined with the homologous and heterologous antisera (Table 6 ) and two discrepancies found (Table 7) . Two anti-M. horninis sera were used, one against a strain isolated from cell cultures (KB) and one against a strain isolated from a human (~~~3 1 2 ) ; both antisera gave corresponding results. One strain ( ~1 5 ) was not inhibited by either antiserum, though it reacted positively in the IP and IF tests with these antisera. Furthermore, a strain isolated from the oropharynx of a monkey (CynK1) cross-reacted in the IP and I F tests with a human strain of M. buccale (~~4 1 ) .
In the GI test, CynKl was only slightly inhibited by antiserum against ~~4 1 , and ~~4 1 was not inhibited by anti-CynKl-serum (Table 7) . Mycoplasma hyorhinis can be found as a cell culture contaminant and was therefore compared not only with the porcine type A . granularum, but also with the other acholeplasma types, and with some human anat animal mycoplasma types which can be detected in cell cultures. It was also cross-tested with a few other glucose converting types (Tables 2 and 6) . No cross-reactions were found.
DISCUSSION
Comparison of the IP and IF tests showed that each has its limitations. In the IF test the untreated colonies of A . laidlawii, A . modicum, M. agalactiae and M . bovis showed a bright yellow autofluorescence, and discrimination between immunofluorescence and autofluorescence was impossible, as has been found previously (Potgieter & Ross, 1972) . All other controls were negative. The controls of the IP test were also negative. However, sometimes the centres of M . bovirhinis colonies were brown although this did not seriously interfere with the reading of the reaction. In most cases the IP test was as sensitive as the IF test but trouble was encountered in the identification of some A . axanthum strains isolated from new-born calves. It is not clear at present why the two techniques, based on the same principles, lead to such widely different results. The reactions of the A . axanthum colonies in the IP test were better on Difco PPLO medium without serum than on medium with serum (Table 5 ). The reaction of A . laidlawii colonies was also more pronounced on medium without serum. This might be due to the fact that the agar concentration was higher in the medium without serum, leading to smaller but more compact colonies. Very large, flat A . laidlawii colonies coloured only pale brown in the IF test. It remains to be seen whether an increase in the agar concentration in the medium, without changing the serum concentration, will also improve the reactions of these acholeplasma types. In both the IP and IF tests, very large colonies had to be washed gently otherwise the upper parts of the colonies tended to peel off, a problem also noted by Al-Aubadi & Fabricant (1971) .
Mycoplasma types such as M . fermentans and M. primatum could not be cultivated on Difco PPLO medium, and for these, boiled-blood extract medium was used. For other mycoplasma types the results obtained with the IP and IF tests were the same irrespective of the medium used, but the results with the GI test were usually better on Difco medium.
The IP test had about the same specificity as the IF and GI tests though there were anomalies. In some cases the GI test was negative whereas the reactions in the IP and IF tests were positive. These discrepancies might be caused either by the low sensitivity or by a high specificity of the GI test. For instance, a human and a primate M. buccale strain showed only a slight one-way cross-reaction in the GI test, although in the IP and IF tests they were clearly shown to be related (Table 7) . Similarly a M. hominis strain reacted in the IP and IF tests, but not in the GI test, with two anti-M. hominis sera (Table 7) . This might be due to strain differences. Mycoplasma agalactiae PG2 and M. bovis strains Donetta and ~~1 8 6 cross-reacted in the IP test but not in the GI test (Table 3) . These two types also share the property of autofluorescence and other biochemical characters (Ern0 & Stipkovits, 1973; Leach, 1973) . At one time the Donetta and related bovine strains were considered to be subspecies of M . agalactiae (Ern0 & Jurmanovh, 1973; Leach, 1973) . However, Askaa & Ern0 (1976) showed that the DNA homology values between Donetta and PG2 were too low for them to be classified in the same genospecies and the Donetta-like strains were classified as M . bovis. The results in the IP test with these two types, therefore, suggest that the test is not as specific as the GI test.
Cross-reactions were also seen in the IP and IF tests between M . mycoides strain Gladysdale and group 7 strain ~2 9 (Leach, 1967) (Table 4 ). The anti-Gladysdale serum did not inhibit the growth of ~2 9 , but the anti-~29 serum did inhibit the Gladysdale strain. A third strain (PP) was inhibited by both antisera and also reacted with these sera in the IP and IF tests. The relationship found between Leach's (1967) group 7 and M . mycoides has also been reported by other workers (Ern0 & Jurmanovh, 1973; Leach, 1973 : Askaa & Ern@, 1974 Jurmanovii, Hiij kova & cernh, 1976 ). However, cross-reactions found between group 7 and M . bovigenitalium, M . agalactiae or M . arginini (Cottew, 1970; Ern0 & Jurmanovh, 1973; Ernar, Jurmanovii & Leach, 1973) were not confirmed in the present study. Cross-reactions were not found between any of the other human and animal mycoplasma and acholeplasma types.
Isolates from cattle, cell cultures, humans and monkeys were easily identified with the IP test. In mixed cultures it was simple to differentiate colonies treated with homologous antiserum from unstained colonies using a normal light microscope. It is, therefore, much easier to read the results of the IP test than those of the IF test. The age of the cultures did not influence the results, and cultures up to 4 weeks old could still be used provided they were not completely covered with 'spots' (Edward, 1950) . Fully treated agar blocks could still be read when stored for at least 1 week at 4 "C.
From the present observations we conclude that the IP test can be used for the identification of Mycoplasmatales, and for strains which autofluoresce the IP test is preferable to the IF test.
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